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Description 



INTEGRATED HIGH EFFICIENCY BLOWER 
APPARATUS FOR HVAC SYSTEMS 

Statement of Government Interest 

[0001] The Government may have certain rights in the present 
application, pursuant to (Department of Energy) Contract 
Number DE-FC26-00NT40993. 
Background of the Invention 

[0002] jhe present disclosure relates generally to heating, venti- 
lation and air conditioning (HVAC) systems and, more 
particularly, to an integrated, high efficiency blower appa- 
ratus for HVAC systems. 

[0003] a majority of residential (and many commercial) HVAC 

units employ forwardly curved (FC) centrifugal blowers in 
order to draw air into the HVAC units from the spaces to 
be heated or cooled, and to simultaneously push heated 
or cooled air from the units back into the spaces to be 
heated or cooled. The FC centrifugal blowers used in 
these types of HVAC units (i.e., where duty is compara- 



tively light and it is desirable to keep the initial cost of the 
HVAC unit low) are advantageous from the standpoint of 
requiring a relatively smaller blower housing and typically 
operating at lower rotational speeds. However, the static 
efficiency of an FC blower is fairly low because of the in- 
herent aerodynamic characteristics of FC blades. One way 
to improve upon the blower efficiency of an HVAC unit is 
to utilize an electronically commutated motor (ECM) in lieu 
of a more traditional single-speed induction motor, as is 
described more fully in U.S. Patent 4,806,833 to Young. 
[0004] on the other hand, backwardly curved (BC) or inclined 

blowers have higher static efficiency and total efficiency at 
higher operating speeds and pressures. However, the 
speed vs. torque curves of a BC blower are overlapped 
with one other, and thus cannot be used for the same flow 
control as FC blades. As such, it is challenging to combine 
both flow controllability and high efficiency performance 
in a HVAC blower system. In addition, residential HVAC 
systems have limited packaging space for blower assem- 
blies. Thus, the overall efficiency of a BC blower in combi- 
nation with an ECM may still be compromised by poor 
housing and fan design, notwithstanding the improve- 
ment in efficiency over a unit with a forwardly curved 



blower. 

[0005] Accordingly, it is desirable to be able to reduce energy 
consumption of an HVAC system by improving airflow 
controllability, in view of the torque-speed characteristics 
of backward ly curved blowers. 
Brief Description of the Invention 

[0006] The above discussed and other drawbacks and deficien- 
cies of the prior art are overcome or alleviated by a cen- 
trifugal blower wheel for a heating, ventilation and air 
conditioning (HVAC) blower unit. In an exemplary embod- 
iment, the blower wheel includes a first blade support, a 
second blade support, and a plurality of S-shaped blades 
disposed between the first and second blade supports, 
wherein each of the S-shaped blades has a trailing edge 
bent in a forward direction with respect to a defined di- 
rection of rotation of the wheel. 

[0007] | n another aspect, an integrated heating, ventilation and 
air conditioning (HVAC) blower apparatus includes a cen- 
trifugal blower wheel disposed within a housing, and an 
electronically commutated motor (ECM) in operative com- 
munication with the centrifugal blower wheel, the ECM 
extending at least partially through a first inlet cone dis- 
posed in a first side of the housing. The centrifugal blower 



wheel further includes a first blade support, a second 
blade support, and a plurality of S-shaped blades dis- 
posed between the first and second blade supports, 
wherein each of the S-shaped blades has a trailing edge 
bent in a forward direction with respect to a defined di- 
rection of rotation of the wheel. 
[0008] | n s ti|| another aspect, a heating, ventilation and air con- 
ditioning (HVAC) system for heating/cooling a space in- 
cludes a system controller, at least one of heating and 
cooling source, an integrated blower apparatus in com- 
munication with the system controller, and an airflow path 
for circulating air through the space. The integrated 
blower apparatus further includes a centrifugal blower 
wheel disposed within a housing, the centrifugal blower 
wheel further including a first blade support, a second 
blade support, and a plurality of S-shaped blades dis- 
posed between the first and second blade supports. Each 
of the S-shaped blades has a trailing edge bent in a for- 
ward direction with respect to a defined direction of rota- 
tion of the wheel. An electronically commutated motor 
(ECM) is in operative communication with the centrifugal 
blower wheel, the ECM extending at least partially through 
a first inlet cone disposed in a first side of the housing. 



Brief Description of Drawings 

[0009] Referring to the exemplary drawings wherein like ele- 
ments are numbered alike in the several Figures: 

[0010] Figure 1 is a schematic diagram of an exemplary heating, 
ventilation and air conditioning (HVAC) system, suitable 
for use in accordance with an embodiment of the inven- 
tion; 

[° 01 1 ] Figure 2 is a perspective view of a novel blower assembly 
in accordance with an embodiment of the invention; 

[0012] Figure 3 is an exploded perspective view of the blower as- 
sembly shown in Figure 2; 

[0013] Figure 4 is an exemplary series of speed versus torque 
curves used for airflow control in conjunction with an 
electronically commutate motor (ECM); 

[0014] Figure 5 is a perspective view of a blower wheel featuring 
S-shaped fan blades, in accordance with a further aspect 
of the invention; 

[0015] Figure 6 is a sectional view of the blower wheel of Figure 
5; 

[0016] Figure 7 is a sectional view of a blower housing in accor- 
dance with a further aspect of the invention; 

[0017] Figure 8 is a sectional view of another embodiment of an 
inlet cone, in accordance with a further aspect of the in- 



vention; 

[0018] Figure 9 is an exemplary fan curve illustrating efficiency 
and static pressure rise as a function of airflow for the 
blower assembly of Figure 2; and 

[0019] Figures 10 and 11 are exemplary torque versus speed 

curves at different flow rates for a conventional backward 
curved blade, and for the S-shaped blade, respectively. 
Detailed Description of the Invention 

[0020] Disclosed herein is an integrated, high efficiency blower 
apparatus for HVAC systems including, among other as- 
pects, a blower wheel having "S" shaped fan blades/im- 
pellers. The S-shaped blades (based on generally back- 
ward inclined blade principles, but also having the trailing 
edges thereof forward ly disposed), along with a specially 
designed housing and inlet cone, results in higher static 
efficiencies and air flow control via torque and speed in- 
formation than conventionally designed centrifugal HVAC 
blowers. More specifically, the present invention embodi- 
ments have addressed the airflow controllability issue by 
bending the blade's trailing edge forward so as to gener- 
ate unique torque-speed curves vs. static pressure and 
airflow. In addition, the blower assembly also features an 
integrated ECM for further efficiency improvements, as 



described in greater detail hereinafter. 
[0021] Referring initially to Figure 1, there is shown a schematic 
diagram of an exemplary heating, ventilation and air con- 
ditioning (HVAC) system 100 configured for heating or 
cooling a space 102, suitable for use in accordance with 
an embodiment of the invention. The system 100 includes 
a thermostat/system controller 104, a blower motor 106 
and optional associated filter 108, a heating and cooling 
source 110, an HVAC blower 112 and optional associated 
filter 114, and an airflow path 116. It will be appreciated 
that blower 112 and blower motor 106 may also be inte- 
grated into a single assembly (as discussed later), and 
thus the schematic of system 100 should be interpreted 
as only being illustrative in nature and not in any limiting 
sense. 

[0022] a s stated previously, the HVAC blowers utilizing forward 
curved blades generally have lower efficiencies, while 
those blowers utilizing backward curved blades have 
higher efficiencies, but with generally less effective flow 
controllability. Therefore, in accordance with an embodi- 
ment of the invention, a novel blower assembly 200 fea- 
turing a blower wheel 202 having "S" shaped fan blades/ 
impellers is depicted in Figures 2-3. As is illustrated, the 



blower wheel 202 (depicted in Figures 2-3 as a double 
wheel) is disposed within a logarithmic shaped housing 
204 having a pair of inlet cones 206 on opposite sides 
thereof, as best seen in Figure 3. In addition, an electroni- 
cally commutated motor (ECM) 208 is operatively coupled 
to the blower wheel 202 through one of the inlet cones 
206. 

[0023] | n a preferred embodiment, the ECM 208 is configured in 
a manner wherein the speed of the blower is set to effect 
a preselected flow rate at an existing static pressure in the 
contained space, and the speed of the blower is altered 
only in response to a variation in the static pressure and 
only in following relation with the static pressure varia- 
tion. The speed alteration of the blower is sensed, and the 
speed of the blower is adjusted in following relation with 
the sensed speed alteration to establish the preselected 
flow rate through the contained space at the varied static 
pressure acting on the blower. Figure 4 is an exemplary 
graphical representation of the cubic feet per minute 
(CFM) flowed at various static pressures when the blower 
assembly 200 is configured with an ECM 208. The CFM is 
a function of the speed and torque of the blower wheel 
202. Each of the solid lines on the graph represent a con- 



stant CFM line, illustrating the near linear relationship be- 
tween speed and torque and the variation in speed and 
torque as static pressure increases for any given CFM. Ad- 
ditional details regarding the operation of ECM 208 may 
be found in U.S. Patent 4,806,833 to Young. 
[0024] Referring generally now to Figures 5-6, the blower wheel 
202 (single configuration) is shown in further detail. As 
can be seen in Figure 5, the individual blades 210 are 
mounted between a center disk 212 serving as a first 
blade support and a wheel cone 214 with a central air in- 
let 216 serving as a second blade support. As shown more 
particularly in Figure 6, each of the blower blades 210 are 
formed so as to have a generally S-shaped configuration, 
wherein the trailing edge 218 of the blade 210 (the direc- 
tion of rotation being counterclockwise in Figure 6) is bent 
in a forward direction with respect to the rest of the blade. 
Moreover, it will be noted that in accordance with the S- 
shape configuration, the leading edge 220 of each blade 
2 10 is inwardly curved with respect to the center of the 
wheel 202, whereas the trailing edge is outwardly curved. 
Thus configured, the blades 210 reduce or smooth out the 
flow separation characteristic of an ordinary forward 
curved blade, and accordingly, airflow controllability is re- 



tained to an acceptable extent. 

[0025] | n an exemplary embodiment, a total of sixteen blades 

were implemented in the blower wheel 202 following sev- 
eral CFD (computational flow dynamics) simulations illus- 
trating how the airflow efficiency was affected by greater 
or fewer numbers of blades. However, depending upon 
the final application and the type of blade material used, 
the total number of blades may be in the range of about 
12 to about 18. In addition, the leading and trailing edge 
angles of each blade 210 may be adjusted to adapt to dif- 
ferent housing restrictions. The particular blade angles 
have also been adjusted to help keep efficiency high while 
gaining separation in the torque-speed characteristics for 
airflow controllability. The axial center disk location may 
be adjusted to offset the flow imbalance caused by the 
motor blockage of inlet air. 

[0026] The inclusion of a small radius electric motor 208 in an 

intake region of the dual inlet blower was selected in view 
of the outside diameter of the overall wheel 202, with the 
dimensions thereof being selected so as to help minimize 
the blower height dimensions while also maximizing the 
efficiency. As shown in Figure 7, the logarithmic design of 
the housing 204 takes into account both efficiency and 



HVAC packaging space limitation concerns. 

[0027] Figure 8 is a sectional view of another embodiment of the 
inlet cone 206. As can be seen, the diameter of the cone 
206 initially decreases in a radially inward direction with 
respect to the blower wheel, but then increases in diame- 
ter. Stated another way, the diameter of the inlet cone 206 
is at a minimum at about a midpoint thereof. This partic- 
ular configuration facilitates the turning over of inlet air to 
reduce flow separation loss. 

[0028] Figure 9 is an exemplary fan curve illustrating efficiency 
and static pressure rise as a function of airflow for the 
blower assembly 200. As can be seen from the efficiency 
curve 300, the static efficiency has reached a peak of 
about 70% at a flow rate of about 800 cubic feet per 
minute (CFM), which is about 15% higher than existing 
OEM blowers. In addition, the curve 302 illustrates the re- 
lationship between the flow rate and the pressure (in 
inches of water) against which the blower assembly 200 
can discharge air, at a motor speed of about 1380 rpm. 

[0029] Finally, Figures 10 and 11 are exemplary torque versus 
speed curves at different flow rates for a conventional 
backward curved blade, and for the S-shaped blade, re- 
spectively. As stated earlier and illustrated in Figure 10, 



the speed vs. torque curves (for various CFM values) of a 
conventional BC blower are overlapped with one other. 
This condition is unsuitable for easy determination of 
torque/speed/airflow parameters from one another. In 
contrast, Figure 11 illustrates a series of torque/speed 
curves for various flow rates. It will be noted that the 
curves have a well-defined separation therebetween, 
which is thus indicative of good flow controllability. 
[0030] As will be appreciated from the foregoing description, the 
novel blower assembly and corresponding "S" shaped 
blades enhance blower efficiency and retain flow control- 
lability, while also utilizing a special logarithmic housing 
design that can be adapted to different OEM HVAC units 
and help retain the flow controllability. The number of 
blades (e.g., from about 12 to about 18) and the overall 
dimensions of the blower wheel are particularly suited for 
integration into present HVAC systems that are space- 
limited. Moreover, the integration with variable speed, 
ECM technology also provides superior output airflow 
controllability through the unique mapping of torque- 
speed with airflow and static pressure. An electronically 
commuted motor, such as that available from General 
Electric has about a 2:1 efficiency advantage over a sin- 



gle-speed induction motor. 
[0031] while the invention has been described with reference to a 
preferred embodiment, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof with- 
out departing from the scope of the invention. In addition, 
many modifications may be made to adapt a particular 
situation or material to the teachings of the invention 
without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited 
to the particular embodiment disclosed as the best mode 
contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the 
scope of the appended claims. 



